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© Portable type Information storing device and information processing device using the same. 



© An electrochromic device is mounted on an IC 
card (4) as a nonvolatile display unit (4a) and the 
balance stored in the memory (41) of the IC card (4) 
is displayed on the nonvolatile display unit (4a). The 



display content is updated according to the contents 
of the memory (41) each time the card (4) is used 
for payment. 
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PORTABLE TYPE INFORMATION STORING DEVICE AND INFORMATION PROCESSING DEVICE USING THE 

SAME 



This invention relates to a portable type in- 
formation storing medium such as an IC card in 
which an IC chip (integrated circuit chip) having an 
information memory and a control unit such as a 
CPU is mounted and an information processing 
device used in association with the portable type 
information storing medium. 

Recently, an IC card having a nonvolatile data 
memory used as information storing unit and a 
control unit such as a CPU (central processing unit) 
mounted therein has been developed. As is dis- 
closed in Japanese Patent Disclosure No. 63- 
80384, for example, with this type of IC card, 
information is permitted to be transferred between 
the control unit thereof and an external device by 
connecting the control unit to the external device 
by means of a connector portion or transmitting 
and receiving the data via a wireless transmission 
device, and the information memory is accessed 
by the control unit so as to permit necessary 
information to be input or output according to a 
request from the external device. 

When this type of IC card has received exter- 
nal shock or is bent and if the internal wiring or 
internal circuit is broken, it becomes impossible to 
read out the stored contents from the information 
memory, thereby making it impossible to check the 
stored contents of the information memory. 

An object of this invention is to provide a 
portable type information storing medium which 
can permit the stored contents of information stor- 
ing unit to be visually checked even when the 
stored contents of the information storing unit can- 
not be read out, so that it may become possible to 
solve the above problem that the stored contents of 
the information storing unit cannot be confirmed 
when the stored contents of the information storing 
unit cannot be read out, and an information pro- 
cessing device using the above portable type stor- 
ing medium. 

According to a first aspect of this invention, the 
portable type storing medium comprises an in- 
formation storing unit for storing information; an 
information control unit for effecting a read/write 
operation with respect to the information storing 
unit; and a nonvolatile display unit for displaying 
information stored in the information storing unit by 
means of the information control unit. 

According to a second aspect of this invention, 
an information processing device to be used in 
association with a portable type information storing 
medium having an information 

transmission/reception unit for transmitting and re- 
ceiving information and a nonvolatile display unit 



for displaying information received by the informa- 
tion transmission/reception unit, comprises a signal 
processing unit for receiving information from the 
information transmission/reception unit of the porta- 
5 bie type information storing medium, subjecting the 
received information to a predetermined operation 
process and transmitting resultant information de- 
rived based on the result of the operation process 
to the information .transmission/reception unit of the 

10 portable type information storing medium, so as to 
display the resultant information on the nonvolatile 
display unit. 

According to a third aspect of this invention, an 
information processing device to be used in associ- 

75 ation with a portable type information storing me- 
dium having a wireless information 
transmission/reception unit for transmitting and re- 
ceiving information and a nonvolatile display unit 
for displaying the information received by the wire- 

20 less information transmission/reception unit, com- 
prises a wireless signal processing unit for receiv- 
ing the information from the wireless information 
transmission/reception unit of the portable type in- 
formation storing medium, subjecting the received 

25 information to a predetermined operation process 
and transmitting resultant information derived 
based on the result of the operation process to the 
wireless information transmission/reception unit of 
the portable type information storing medium, 

30 thereby displaying the resultant information on the 
nonvolatile display unit. 

According to a fourth aspect of this invention, 
an information processing device to be used in 
association with a portable type information storing 

35 medium having a nonvolatile display unit for receiv- 
ing information and displaying the received Infor- 
mation, comprises a signal processing unit for ef- 
fecting a predetermined operation process and 
transmitting resultant information derived based on 

40 the result of the operation process to the portable 
type information storing medium, thereby display- 
ing the resultant information on the nonvolatile dis- 
play unit. 

In the first aspect of this Invention, information 
45 is read out from or written into the information 
storing unit by means of the information control 
unit and information stored into the information 
storing unit by the information control unit is visu- 
ally displayed by the nonvolatile display unit, 
so In the second aspect of this invention, informa- 

tion from the information transmission/reception 
unit of the portable type information storing me- 
dium having the information transmission/reception 
unit for transmitting and receiving information and 
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the nonvolatile display unit for displaying informa- 
tion received by the information 
transmission/reception unit is received, the re- 
ceived information is subjected to a predetermined 
operation process and resultant information derived 
based on the result of the operation process is 
transmitted to the information 

transmission/reception unit of the portable type in- 
formation storing medium, the resultant information 
being displayed on the non-volatile display unit. 

In the third aspect of this invention, information 
from the wireless information 

transmission/reception unit of the portable type in- 
formation storing medium having the information 
transmission/reception unit for transmitting and re- 
ceiving information and a nonvolatile display unit 
for displaying the information received by the wire- 
less information transmission/reception unit is re- 
ceived, the received information is subjected to the 
prescribed operation process and resultant informa- 
tion derived based on the result of the operation 
process is transmitted to the wireless information 
transmission/reception unit of the portable type in- 
formation storing medium. 

In the fourth aspect of this invention, resultant 
information derived based on the result of the pre- 
determined operation process is transmitted to the 
portable type information storing medium having 
the nonvolatile display unit for receiving information 
and displaying the received resultant information. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which; 

Fig. 1 is a block diagram showing one embodi- 
ment of this invention; 

Fig. 2 is a block diagram of an I C card treating 
system; 

Fig. 3 is a perspective view of an IC card shown 
in Fig. 1; 

Fig. 4 is a block diagram of a nonvolatile display 
unit shown in Fig. 1; and 

Figs. 5 and 6 are flowcharts for illustrating the 
operation of the embodiment of this invention 
shown in Figs. 1 to 4. 

There will now be described an embodiment of 
this invention with reference to the accompanying 
drawings. 

Figs. 1 and 2 show an example of the con- 
struction of a card treating system (information 
processing device) such as a charge or toll collect- 
ing system in a toll road to which an IC card having 
a wireless information transmission function as a 
portable type information storing medium accord- 
ing to this invention may be applied. That Is, a 
charge collecting machine 2 installed in an charge 
collecting lane 1 of the toll road defined by curbs 
1a and 1b is used to automatically collect a cor- 



responding amount of charge by use of an IC card 
(portable type information storing medium) 4 of the 
driver of a car 3 entering the lane 1 in a direction 
indicated by an arrow and then permit the car 3 to 
5 pass a gate 5. 

The charge collecting machine 2 includes a car 
sensor 1 1 for sensing the height and the number of 
wheel axles of the car 3 entering the charge col- 
lecting lane 1, a TV camera 12 installed on the 

io succeeding stage of the car sensor 11 to read the 
car-type number of the registered car number plate 
(number plate) of the car 3 entering the charge 
collecting lane 1, a transmission/reception unit 13 
for effecting a wireless transmission/reception op- 

75 eration performed by, for example, radio waves 
with respect to a reception unit 44 or transmission 
unit 46 provided in the IC card 4 held by a driver of 
the car 3 entering the charge collecting lane 1 via 
antennas 13a, 13b, 44a and 46a as will be de- 

20 scribed later, a driving unit 1 4 for driving the gate 5 
to permit the car 3 to pass the charge collecting 
lane 1, a car sensor 15 for sensing the car 3 
passing the charge collecting lane 1 , a charge/car- 
type rank determining unit 16 for determining the 

25 charge/car-type rank (for example, large size, nor- 
mal size and small size) of the car 3 entering the 
charge collecting lane 1 according to a sensing 
signal from the car sensor 11 and the car-type 
number read by the TV camera 12, and a charge 

30 collection controlling unit 17 constituted by a CPU 
for subtracting a charge corresponding to the 
charge/car-type rank determined by the charge/car- 
type determining unit 16 from the balance stored in 
the IC card 4 and supplied therefrom via the 

35 transmission/reception unit 13 and outputting the 
result of subtraction as the new balance to the IC 
card 4 via the transmission/reception unit 1 3. 

The car sensor 11 includes a lamp 20 and a 
photoelectric sensor 21 which are mounted on both 

40 sides of the charge collecting lane 1 to sense the 
height of the car 3 by use of the photoelectric 
conversion effect and an axle sensing board 22 
including a lead ceil for outputting a sensing signal 
when it is stepped by the car 3 to detect the 

45 number of wheel axles of the car. 

The car sensor 15 includes a lamp 30 and a 
photoelectric sensor 31 which are mounted on both 
sides of the charge collecting lane 1 to sense the 
car 3 by use of the photoelectric conversion effect 

so and an axle sensing board 32 including a lead cell 
for outputting a sensing signal when it is stepped 
by the car 3 to detect the number of wheel axles of 
the car. 

The charge collection controlling unit 17 con- 
55 verts a balance data request signal into radio 
waves and periodically transmits the radio waves 
via the transmission/reception unit 13 when the 
charge/car-type rank determination result from the 
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charge/car-type rank determining unit 16 is re- 
ceived or when the car 3 is detected by the car 
sensor 1 1 . 

Data can be transferred between the IC card 4 
and the charge collection machine 2 by use of 
radio waves with the IC card and the charge collec- 
tion machine kept separated. The IC card 4 reads 
the balance data stored in a data memory 41 to be 
described later according to the balance output 
request signal from the charge collection machine 
2 and outputs the balance data to the charge 
collection machine 2 by wireless or by use of radio 
waves, light, magnetic energy or the like. 

As shown in Fig. 3, a nonvolatile display unit 
4a for displaying the contents of application such 
as the data month-day, place and balance in each 
of the last three applications stored in the data 
memory 41 to be described later is mounted on 
the surface of the IC card 4. The nonvolatile dis- 
play unit 4a is constituted by an ECD 
(electrochromic device). 

The ECD is an element of which the coloring or 
decoloring phenomenon is caused by electro- 
chemical action when an electric field is applied on 
transparent electrodes thereof. An electrochromic 
member 50 used for the ECD as shown in Rg. 4 is 
of solid type utilizing a WOa film which emits blue 
light or of liquid type having liquid such as viologen 
for emitting red purple light liquid-tightly contained 
in a space defined by two electrodes. Viologen is a 
kind of organic electrochromic material and is a 
heterocyclic compound or the derivative thereof. 
The ECD uses an ITO (indium-tin-oxide) film of low 
resistance, highly responsive WOa film, MoOa film, 
Au film or the like as a front electrode 52 and uses 
Ag, C, Fe, Ni, SbaOs or the like which has a good 
printing property and high conductivity as an op- 
posite electrode 54. The front electrode 52 and 
opposite electrode 54 receive electricity from pow- 
er sources 56a. 56b f ... 56n to apply an electric 
field or counter-electric field to a selected portion 
of the electrochromic member 50 to repeatedly 
exhibit the coloring or de-coloring phenomenon. 

The front electrode 52 and opposite electrode 
54 are divided into segments and part of the elec- 
trochromic member 50 can be selectively colored 
by selectively applying an electric field to the seg- 
ments of the front electrode 52 and opposite elec- 
trode 54 by the power sources 56a ... 56n. The 
electrochromic member 50 which is once applied 
with the electric field and is colored can maintain 
the colored state for several days to several 
months after application of the electric field is inter- 
rupted. Further, the colored electrochromic mem- 
ber 50 can be de-colored by generating a counter- 
electric field opposite to the electric field applied to 
the electrochromic member 50 for coloring be- 
tween the front electrode 52 and opposite electrode 



54 which are divided into the segments for display- 
ing characters at the display unit 4a. 

Thus, parts of the electrochromic member 50 
can be selectively colored or de-colored to display 
5 characters or images, and the display can be main- 
tained for several days to several months even if 
the applied electric field is removed. In a case 
where the ECD is used for the IC card 4 con- 
stituted by electronic parts and the like, the char- 

70 acters or images displayed on the ECD can be 
maintained even if the internal electronic parts of 
the IC card 4 are electrically damaged. 

The nonvolatile display unit 4a displays the 
contents of last three applications (history of ap- 

16 plication) by use of numerals below the respective 
items "date", "place" and "balance" which are 
previously printed. In this case, the content of the 
newest application is displayed on the lowest row, 
and when the card 4 is newly applied, the content 

20 of the application at this time is displayed on the 
lowest row and the contents of the first and second 
preceding applications are respectively displayed 
on the second and third rows from the bottom. The 
nonvolatile display unit 4a can hold the display 

25 contents with no electric power because of its 
property, and even if the IC card 4 is bent or sub 
jected to a mechanical shock or the battery cell 48 
is used up to cause malfunction inside the IC card 
4 (for example, a problem that the balance data of 

30 the data memory cannot be read out), the balance 
data which is necessary for re-issue of a new IC 
card can be read (checked for confirmation) if the 
display unit itself is not mechanically broken, thus 
permitting the new IC card to be promptly re- 
ds issued. 

Further, as shown in Fig. 1, the internal portion . 
of the IC card 4 is constructed by a control unit 
(CPU, information controlling means) 40, a data 
memory 41 constituted by an EEPROM for storing 

40 a control program, previously set payable amount, 
balance and the contents of application such as 
date, place and balance in each application, a 
display controlling unit 42 for applying an electric 
field to the nonvolatile display unit 4a to color the 

46 same and applying a counter-electric field to re- 
move the color, a transmission/reception switching 
unit 43, a reception unit 44 for receiving a balance 
data request signal from the transmission/reception 
unit 13 of the charge collecting machine 2 via a 

so receiving antenna 44a, a demodulator 45 for de- 
modulating a signal from the reception unit 44, a 
transmission unit 46 for converting balance data 
from a modulator 47 into radio waves and transmit- 
ting the radio waves to the transmission/reception 

55 unit 13 of the charge collecting machine 2 via a 
transmitting antenna 46a, the modulator 47 for 
modulating the balance data supplied from the 
CPU 40 via the transmission/reception switching 
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unit 43, and a battery 48 for supplying a power 
source voltage to respective elements in the card 
4. The above elements are constituted by an IC 
chip and formed on one substrate. For example, a 
communication between the transmission/reception 
unit 1 3 and the transmission unit 46 and reception 
unit 44 of the IC card 4 is effected based on the 
FSK system, and in this case, pseudomicrowaves 
of 2.45 GHz may be used as a data carrier wave. 
Alternatively, medium waves of several hundreds 
may be used. 

Next, the operation of the above construction is 
explained with reference to the flowchart shown In 
Figs. 5 and 6. When the car 3 enters the charge 
collection lane 1 and passes the car sensor 11 of 
the charge collecting machine 2, YES is obtained 
at step S1 in Fig. 5. Then, the height and the 
number of wheel axles of the car 3 are detected by 
means of the photoelectric sensor 21 facing a lamp 
20 of the car sensor 1 1 and the axle sensing board 
22 using an electrical switch and output to the 
charge/car-type rank determining unit 16 at step 
S2. Further, the operation of the TV camera 12 is 
started in response to detection of the entering car 
3 by the car sensor 1 1 . The car-type number of the 
registered car-type number plate (number plate) of 
the entering car 3 is read by the TV camera 12, 
and the result of the reading is output to the 
charge/car-type rank determining unit 16. As a re- 
sult, the charge/car-type rank of the passing car 3 
is determined by the charge/car-type rank deter- 
mining unit 16 according to the height, the number 
of axles and the car-type number and is output to 
the charge collection controlling unit 17. 

In step S3, the charge collection controlling 
unit 17 transmits the balance data request signal 
waves via the transmission/reception unit 13 when 
the determination result of the charge/car-type rank 
is supplied from the charge/car-type rank determin- 
ing unit 16 or when entry of the car 3 is detected 
by the car sensor 1 1 . 

Then, when the car 3 is approaching the anten- 
nas 13a and 13b of the transmission/reception unit 
13, that is, when the IC card 4 held by the driver of 
the car 3 is approaching the transmission/reception 
unit 1 3, the balance data request signal waves from 
the transmission/reception unit 13 are received at 
step T1 in Fig. 6 by the reception unit 44 of the IC 
card 4 via the antennas 13a and 44a. The balance 
data request signal waves received by the recep- 
tion unit 44 are converted into an electrical signal 
which is in turn supplied to the CPU 40 via the 
transmission/reception switching unit 43 after being 
demodulated by the demodulator 45. The CPU 40 
reads out the newest balance data stored in the 
data memory 11 and outputs the same to the 
modulator 47 via the transmission/reception switch- 
ing unit 43 at step T2 of Fig. 6. The balance data 



modulated by the modulator 47 is converted into 
radio waves by the transmission unit 46 and then 
transmitted to the transmission/reception unit 13 at 
step S4. 

s Waves of the balance data received by the 

transmission/reception unit 13 are converted into 
an electrical signal and then output to the charge 
collection controlling unit 17. A new balance ob- 
tained by subtracting the charge corresponding to 

10 the charge/cartype rank from the balance data, that 
is, updated balance data is derived by the charge 
collection controlling unit 17 at step S5. The up- 
dated balance data, and data of date and place of 
application are output as application data to the 

75 transmission/reception unit 13 by means of the 
charge collection controlling unit 17 at steps S6 
and T3. As a result, the application data is con- 
verted into radio waves by the 
transmission/reception unit 13 and then transmitted 

20 to the receiving unit 44. 

The radio waves of the application data re- 
ceived by the receiving unit 44 are converted into 
an electrical signal which is in turn output to the 
CPU 40 via the transmission/reception switching 

25 unit 43 after being demodulated by the demodula- 
tor 45. The CPU 40 stores application data, that is, 
updated balance data, and data of date and place 
of the application into the data memory 41 at step 
T4. Further, the CPU 40 outputs the application 

30 data to the display control unit 42. Then, the dis- 
play control unit 42 causes the contents of the 
newest application, that is, the date, place and 
balance to be displayed on the lowest row of the 
nonvolatile display unit 4a at step T5. At this time, 

35 the contents of the first and second preceding 
applications are respectively displayed on the sec- 
ond and third rows from the bottom. After this, the 
CPU 40 outputs completion data to the modulator 
47 via the transmission/reception switching unit 43. 

40 After being modulated by the modulator 47, the 
completion data is converted into radio waves by 
the transmission unit 46 and then transmitted to the 
transmission/reception unit 13. 

The radio waves of the completion data re- 

45 ceived by the transmission/reception unit 13 are 
converted into an electrical signal and then output 
to the charge collection controlling unit 17, When 
receiving the completion data from the IC card 4, 
the charge collection controlling unit 17 drives the 

50 driving unit 14 to open the gate 5 at step S7. When 
the gate 5 is opened, the car 3 is permitted to 
pass. When the car sensor 15 detects that the car 
3 has passed at step S8, the driving unit 14 is 
driven to close the gate 5 at step S9. 

55 When the charge collection control unit 17 de- 

tects that the balance from the IC card 4 is insuffi- 
cient for the payment, it suggests by use of an- 
other display unit (not shown) that another IC card 
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should be presented, or suggests that cash should 
be put into a cash collecting machine (not shown). 

As described above, the newest balance data 
which is stored In the data memory of the IC card 
is kept displayed on the nonvolatile display unit, 
and therefore even if the IC card is bent or sub- 
jected to a mechanical shock or the battery cell is 
used up to cause malfunction inside the IC card 
(for example, a problem that the balance data of 
the data memory cannot be read out), the balance 
data which is necessary for re-issue can be read 
(confirmed) if the display unit itself is not mechani- 
cally broken, thus permitting an IC card to be 
promptly re-issued. 

In the case of an iC card having no nonvolatile 
display unit, it is necessary to give an identification 
number to the IC card and the specification of 
application of the IC card must be collectively 
stored and controlled for data backup in a control 
center. When a large number of such IC cards are 
issued, it becomes difficult to attain the data bac- 
kup. However, in this invention, no such problem 
occurs. 

In the above embodiment, the application 
charge is constant, but this Invention is not limited 
to this case and can be applied to a case when the 
application charge is determined according to the 
traveling distance of the toll road. In this case, pass 
information is stored into the data memory of the 
IC card at the entrance by use of a wireless func- 
tion, a toll is calculated based on exit information 
obtained at the exit and the pass information, and 
then the toll is subtracted from the balance stored 
in the IC card. 

Further, in the above embodiment, the IC card 
is not connected to the charge collecting machine 
when it is used. However, this invention is not 
limited to this case, and can be applied to a case 
where the IC card is connected to the charge 
collecting machine via a connector or the like to 
transfer data between the IC card and the charge 
collecting machine. 

The IC card is used as the portable type stor- 
ing medium, but the storing medium is not limited 
to a cardlike medium, but can be formed in the 
form of tag, block or pencil. 

Further, the portable type storing medium may 
be an IC card having a keyboard, display and the 
like mounted thereon. 

This invention is applied to the charge collect- 
ing machine of the toll road by use of the wireless 
function of the IC card, but this invention is not 
limited to this case and can be applied to the 
automatic examination of tickets of the railroad, for 
example. 

As described above, according to this inven- 
tion, a portable type information storing medium 
and an information processing device are provided 



which may permit the stored contents of the in- 
formation storing means to be confirmed even 
when the stored contents of the information storing 
means cannot be read out. 

5 

Claims ' 

1. A portable type information storing device char- 
70 acterized by comprising: 

information storing means (41) for storing informa- 
tion; 

information control means (40) for effecting a 
read/write operation with respect to said information 
76 storing means (41); and 

nonvolatile display means (4a) for displaying in- 
formation stored in said information storing means 
(41) by means of said information control means 
(40). 

20 2. A portable type information storing device of 
claim 1, characterized in that said nonvolatile dis- 
play means (4a) displays said information visibly in 
a nonvolatile fashion. 

3. A portable type information storing device of 
25 claim 1, characterized in that said nonvolatile dis- 
play means (4a) comprises an electrochromic de- 
vice (50). 

4. An information processing system, characterized 
by comprising: 

30 means (13) for receiving information transmitted 
from a portable type information storing device (4) 
having a nonvolatile display unit (4a) for displaying 
said information; 

means (17) for processing said information re- 
35 ceived by said receiving means in a predetermined 
operation process; and 

means (13. 13a) for transmitting said information 
processed by said processing means to said porta- 
ble type information storing device. 
40 5. An information processing system of claim 4, 
characterized in that said information received by 
said receiving means (13) is transmitted via a wire- 
less transmission path (13a, 44a). 

6. An information processing system of claim 4, 
45 characterized in that said information received by 

said receiving means (13) and transmitted by said 
transmitting means (16) is received and transmitted 
via wireless transmission path (13a, 44a). 

7. An information processing device to be used in 
so association with a portable type information storing 

device having a nonvolatile display unit for receiv- 
ing information and displaying the received infor- 
mation, characterized by comprising: 
signal processing unit (17) for effecting a predeter- 
55 mined operation process and transmitting resultant 
information derived based on the result of the op- 
eration process to said portable type information 
storing device (4), so as to display, in a nonvolatile 
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fashion, the resultant information on the nonvolatile 
display unit (4a). 
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